We studied the performance of a commercial, agglomerated larval microdiet in terms of survival, growth and feed acceptance and compared a dedicated "cold water line" of the product to the standard product involving a Baltic and an Alpine strain of whitefish. Experiments were conducted under cold water conditions < 8 °C (average 5.1 °C) for 60 days after hatching. Replicate tanks of 400 and 200 liter volume received filtered lake water disinfected with ozone and UV light and were stocked with 15 larvae per liter. Daily rations of 4% body weight were manually delivered in six portions every two hours and group samples were taken weekly to determine length, weight and feed acceptance. Dead larvae were removed and counted daily. Before our experiment was influenced by an outbreak of an unknown disease during the last two weeks, we observed similar growth, survival and feed acceptance for each of the feed types with low variability within each of the two strains. Strains showed characteristic differences in growth and survival related to lower feed acceptance during the first four weeks of the Alpine strain. We concluded that the specific cold water line of the commercial microdiet did not provide any advantage compared to the standard product under low temperature conditions. However, differential performance might exist under different temperature regimes.
Introduction
The industrialization and intensification of fish production in Europe (mainly trout and salmon) started in the 1960s when the industry demanded better and more balanced food products (Goddard, 1996) . However, for sensitive fish species, such as European whitefish, the developed feeds seemed to be of limited suitability as shown in many studies during the 1970s, 1980s and 1990s (Eckmann & Kausch, 1976; Rösch & Dabrowski, 1986; Rösch, 1988; Koskela & Eskelinen, 1992) . These studies were rarely satisfactory because at this time available dry feeds (extruded feeds) often included insufficient qualitative and quantitative nutrient composition for whitefish larvae and they starved to death (Kummer & De Verga, 1992) . More recently the industry increasingly uses the process of agglomeration to improve performance of starter feeds (microdiets) for small larvae of mainly marine species. Through this process, individual particles are enlarged in order to facilitate handling and to avoid dust formation (Langdon & Barrows, 2011; Holt et al., 2011) . However, the suitability of these agglomerated dry feeds has not been extensively tested for whitefish respectively published. larvae under ambient low water temperatures (< 8 °C).
Rearing of whitefish larvae is of variable success and a large part of this variability depends on the strain used for experiments (Rösch & Dabrowski, 1986; Mahmoudzadeh et al., 2009) . Consequently results cannot reliably be transferred to other strains (Rösch, 1992) or species (the taxonomy of European whitefish is a matter of intensive debate) e.g. from Baltic/Scandinavian strains to those of the central European region of the Alps. Potentially the latter strains might have advantages in marketing as regional special products. However, aquaculture of Alpine whitefish is considerably less developed compared to Baltic and Scandinavian strains (Siikavuopio et al., 2012) .
The aim of our study was to compare rearing success in terms of growth, survival and feed acceptance of two whitefish strains (Baltic vs. Alpine) using a special "cold-water" and a standard agglomerated commercial microdiet under ambient cold-water conditions.
Materials and Methods

Experimental Design and Conditions
In winter 2011/2012 eggs of European whitefish (Coregonus lavaretus), from an existing breeding line originating from whitefish of the southern Baltic region (sometimes designated Coregonus maraena) and reared since the 19 th century in carp-pond aquaculture in Bohemia and northern Austria (Susta, 1888; Winkler et al., 2011) and bred in our own hatchery in the fourth generation were stripped and artificially fertilized. The offspring of these fish is thereafter called strain 1. Native whitefish (Coregonus lavaretus) from the Austrian lake "Hallstättersee" (designated Coregonus renke by Kottelat & Freyhof, 2007) were caught in early December 2011 and wild fish were stripped to form the first hatchery generation of what is referred to in the following as strain 2. The fertilized eggs were incubated in incubation vessels (Zuger jars) at a temperature of 4 -5 °C in our hatchery in Mondsee, Austria. The experiment started a few days after hatching on 08.02.2012 and encompassed the first 60 days of development which covered the most sensitive phase of whitefish larvae when changes from endogenous to exogenous feeding occurs. Because of technical restrictions we had to use tanks of different sizes: Replicate groups of 6000 larvae were reared in round PVC tanks of 400 liters volume or 3000 larvae in tanks of 200 liters volume. All test tanks received water pumped from the lake at 10 m depth, filtered by a sand filter and treated with Ozone and UV light. For strain 1 four tanks were used (two big and two small tanks) and for strain 2 six tanks were used (three big and three small tanks). The exchange rate of the water per tank was set to 1.0 times per hour. Within the first 3 -4 weeks feeding was started with 100 to 200 µm particles, and during the next 3 -4 weeks feeding continued with 200 to 300 µm particles maintaining a daily ration of 4% body weight per day. Feed was delivered manually in six portions every two hours. Tanks were siphoned daily to remove faeces, food residues and eventually dead larvae. Motionless larvae lying on the bottom were considered dead, siphoned off and counted. Water quality parameters (temperature, pH, redox potential) were recorded by means of probes in intervals of 30 minutes and logged. A sample of 30 individuals per tank was collected weekly to determine fresh weights to the nearest 0.1 mg. For this purpose, larvae were sacrificed with an overdose of the anesthetic phenoxyethanol, blotted of paper towels and then weighed using an analytical balance. Subsequently they were placed under a dissecting microscope to determine if food particles were visible in the gut of the larvae.
Feed Types
A special agglomerated larval starter feed, originally developed for marine fish species called "AgloNorse®", i.e. the standard product and "AgloNorse® Extra", replacing the "cold-water" version of 2006/2007 (Tromsø Fiskeindustri AS, Norway) was used in our experiment. The composition of the dry feed was: 58-60% protein, 17-20% fat, 10% ash, 1% fibre and 7-9% moisture. The only difference between the two types of feed was in the percentage of the n-3 PUFA and n-6 PUFA ("AgloNorse®": 2.1-2.6% PUFA n-3 and 2.5-2.6% PUFA n-6; "AgloNorse® Extra": 3-3.5% PUFA n-3 and 1.3% PUFA n-6).
Statistical Analysis
Numbers of survivors per tank were calculated daily by subtracting dead individuals from the initial number minus those collected for measurements or after extensive cleaning. Before any statistical analysis, the metric data were checked for normal distribution and for equal variance, and optionally log transformation (log (data)) was applied. Analysis of Covariance (ANCOVA) was used as a test procedure for the significance of the growth data including time as a co-variable. As a second test for significance, student's t-test was chosen. If data were not normally distributed or equal variance was not given, despite transformation, a nonparametric test, i.e. the Mann-Whitney Rank Sum test, was used.
Results
The initial lengths of the larvae were significantly different (12.37 ± 0.34 mm for strain 1 and 10.89 ± 0.76 mm for strain 2, Mann-Whitney test: P = <0.001, Strain 1 n = 90 and strain 2 n = 87). Also the initial weights of the two whitefish strains at the start of the experiment were significantly different (7.9 ± 1.1 mg for strain 1 and 6.5 ± 1.0 mg for strain 2, Mann-Whitney test: P = <0.001, Strain 1 n = 120 and strain 2 n = 180). Water temperature was very low at the beginning of the experiment, at about 3 °C (Table 1) , due to an exceptionally cold weather period. Subsequently, a slowly rising trend in temperatures was observed but never reached 7°C. The average temperature during the experiment was 5.1 ± 1.2 °C. Note. Weekly average temperature and relative growth rate (RGR) of the different strains and feed during the experiment. Data are presented as weekly means ± standard deviations.
The major differences between strains and feed types are summarized in Figures 1a and 1b representing measured mean weights of all replicate tanks: For strain 1 we observed mean constant growth for the entire experimental period for "AgloNorse® Extra" (high standard deviation occurred because larvae of one of the replicate tanks grew considerably less from day 40 onwards) and declining weights for "AgloNorse®" during the last two weeks. For strain 2, stagnant average weights were evident for both feed types until day 30, followed by continuous mean growth in the "AgloNorse®" groups. A halt in growth was observed in strain 2 for "AgloNorse® Extra" during the last week. For the entire experimental period, the measured mean fresh weight did not differ significantly between groups receiving different feed types in strain 2, however, it differed in strain 1 (data were transformed and tested using ANCOVA. Strain 1: n = 960, P = 0.004 and strain 2: n = 1440, P = 0.541). However, also in strain 1, fresh weights were similar in each of the first six weeks (Student's t-test, p-values between 0.672 and 0.985, n = 30 for "AgloNorse®" and n = 30 for "AgloNorse® Extra"). In strain 2 fresh weights were similar in each of the first seven weeks (Student's t-test and Mann-Whitney test, p-values between 0.031 and 0.887, n = 30 for "AgloNorse®" and n = 30 for "AgloNorse® Extra").
Figure 1. Growth curves
Note. Growth curves for different feed types and different fish strains including mean weights ± standard deviation of all replicate tanks: a) Strain 1: "AgloNorse®" and "Aglo Norse® Extra". b) Strain 2: "AgloNorse®" and "AgloNorse® Extra".
The final weight of strain 1 differed significantly between the two feed types (P =< 0.001, Mann-Whitney test on transformed data) and was 14.2 ± 0.2 mg (n = 60) for "AgloNorse®" and 19.4 ± 6.6 mg (n = 60) for "AgloNorse® Extra". Also the final weights of strain 2 differed significantly between the two feed types (P =< 0.001, Mann-Whitney test on transformed data). The final weight for "AgloNorse®" was 14.6 ± 4.2 mg (n = 90) and for "AgloNorse ®Extra" was 11.5 ± 3.8 mg (n = 90).
Figure 2. Comparison of feed types
Note. Comparison of the two types of feed. Bars illustrate mean ± standard deviation of final fresh weight (mg) of all larvae regardless to the strain.
For "AgloNorse®", there was no statistically significant difference (P = 0.772, Mann-Whitney test on transformed data, strain 1: n = 60 and strain 2: n = 90) between final weights of strain 1 and strain 2. However, for "AgloNorse® Extra", there was a statistically significant difference between final weights of strain 1 and strain 2 (P =< 0.001, student's t-test on transformed data, strain 1: n = 60 and strain 2: n = 90). Comparing the two types of feed, combining all fish without regard to the strain, no statistically significant difference was found in final weights (Figure 2 , P = 0.283, Mann-Whitney test on transformed data, "AgloNorse®": n = 150 and "AgloNorse® Extra": n = 150).
In terms of relative growth rate, there was no statistically significant difference within strain 1 and strain 2 (Table  1) , based on the different types of feed (ANCOVA: strain 1: P = 0.174, "AgloNorse®" n = 14 and for "AgloNorse® Extra" n = 14. Strain 2: P = 0.126, "AgloNorse®" n = 21 and for "AgloNorse® Extra" n = 21). Within the two feed types, there were also no statistically significant differences in relative growth rates between strain 1 and strain 2 (ANCOVA: "AgloNorse®": P = 0.480, strain 1 n = 14 and strain 2 n = 21. "AgloNorse® Extra": P = 0.076, strain 1 n = 14 and strain 2 n = 21). a b Vol. 7, No. 5; 2015 Comparing the two types of feed in the relative growth rates, combining all fish without regard to strain, no statistically significant difference was found (ANCOVA: P = 0.645, "AgloNorse®" n = 35 and "AgloNorse® Extra" n = 35). Comparing the two strains in the relative growth rates, combining all fish without regard to feed type, no statistically significant difference was found (ANCOVA: P = 0.423, strain 1 n = 28 and strain 2 n = 42).
The survival rates were different for the two strains and partly also for groups receiving different feed types (Figure 3) . In strain 1 the survival rates remained very high for six weeks for both groups and started to decrease around day 40. The group receiving "AgloNorse®" showed strongly declining survival with lower variability as both replicate tanks were affected with high mortality. The group receiving "AgloNorse® Extra" showed high variability as only in one replicate tank elevated mortality was observed. This resulted in a final average survival rate of 47.5%. There was a statistically significant difference in average survival between groups (ANCOVA: P = 0.003, n = 120 for both feed types). For strain 2 the survival rate started to decrease much earlier, at day 30 of the experiment. There was noticeable increase of mortality at this time in all replicate tanks. However, unlike strain 1, the decline in survival stopped around day 40 and remained constant for about ten days before the two groups diverged. We observed a second decline in survival in one group ("AgloNorse® Extra") but not in the other group ("AgloNorse®"). The average final survival rate of strain 2 was 45.58 % for "AgloNorse®" and 37.32 % for "AgloNorse® Extra", with relatively low variability. There was no statistically significant difference in survival of strain 2 (ANCOVA: P = 0.277, n = 190 for both feed types) between the two types of feed. Comparing the two different feed types without regard to the strain, there was no statistically significant difference (ANCOVA: P = 0.123, n = 300 for both feed types). However comparing the strains without regard to the different types of feed, there was a statistically significant difference (ANCOVA: P = 0.001, n = 240 for strain 1 and n = 360 for strain 2), i.e. strain 1 showing lower survival.
At the beginning, strain 1 accepted the offered feed faster than strain 2. Towards the end of the experiment differences disappeared and reached almost 100% (Figure 4 ). There was a statistically significant difference between the strains (ANCOVA: P = 0.000; strain 1 n = 29 and strain 2 n = 48). But between the types of feed there was no statistically significant difference in strain 1 nor in strain 2 (ANCOVA: Strain 1: P = 0.699, "AgloNorse®" n = 16 and "AgloNorse® Extra" n = 16, Strain 2: P = 0.971, "AgloNorse®" n = 24 and "AgloNorse® Extra" n = 24). 
Discussion
Identifying the Time Period for Valid Comparisons
Our results were influenced by an unidentified disease towards the end of the experiment. Therefore, the potential influence has to be assessed and separated from other factors to be investigated, i.e. strain and feed type.
For strain 1, the experiments were clearly influenced by disease during the last two weeks as seen in a complete halt of growth in the test group receiving feed "AgloNorse®" (in which all replicate tanks were affected, Figure  1a ) and in the distinct increase of variance in the group receiving feed "AgloNorse® Extra" (in which one replicate tank was affected, Figure 1a ). Up until day 45 the growth curves do not show any sign of disease influence, i.e. low variance, and the survival curves (Figure 3a ) also show high survival of 80% until day 40, before plunging down. Therefore, we are confident to make valid comparisons in this strain during the first six weeks of the experiment.
For strain 2, we observed almost identical and low-variance growth curves until day 50 and diverging average weights only during the last week (Figure 1b) . This corresponds to almost identical survival curves with noticeable differences appearing during the last ten days (Figure 3b ). The group receiving "AgloNorse®" was not affected by the disease in none of the three replicate tanks and variances in weights and survival remained low (Figures 1b and 3b ). For the group receiving "AgloNorse® Extra" one of three replicate tanks was affected which resulted in lower average weight and elevated variability compared to the first group of strain 2 ( Figure  1b ). For this strain we are convinced to make valid comparisons for the first 7 weeks of the experiment. Although the number of replicates of the performed experiment was relatively small, the variation among replicates was extremely low before disease outbreak. Therefore, the number of replicates used was considered sufficient.
Comparisons of Feed Types
During six weeks before disease outbreak, a steadily increasing growth curve with very low variance was registered in strain 1 and with both feed types (Figure 1a) . The average weights in each of the six weeks were almost identical among different feed types and the relative growth rates were largely similar as well (Table 1) . Therefore, it seems evident that feed type did not lead to any observable differences between groups of strain 1, neither in growth (Figure 1a ) nor in survival (Figure 3a ) or feed acceptance (Figure 4) . Divergence of the two groups receiving different feed types was observed during the last two weeks of our experiment and was clearly associated with disease outbreak. This affected the two groups differently (all replicate tanks in one group vs. one replicate tank in the other group), however, we suspect this was unrelated to feed type.
For strain 2 we observed almost constant average weights over time for the first four weeks followed by steadily increasing weights for the following three weeks before disease outbreak. This pattern was found to be identical for both groups receiving different feed types and average weights were similar in the two groups in each of the seven weeks. Within that time period there was no indication of feed type leading to differences in growth, survival or feed acceptance in strain 2. Divergence of the two groups with regard to growth ( Figure 1b , Table 1) and survival (Figure 3b ) during the last week were again associated with differential affection of the two groups by disease.
Even if the influence of disease is ignored, no significant difference in final weights of fish receiving the different feed types was found when fish of both strains were pooled (Figure 2 ). To our knowledge, no previous study has investigated dedicated cold-water feed types and compared their performance to regular feed types. Most previous studies on whitefish compared feed types of vastly varying ingredients in experimental feeds (Luczynski et al., 1986; Dabrowski & Poczyczynski, 1988; Harris & Hulsman, 1991) or commercial microdiets of different manufacturers (Koskela & Eskelinen, 1992 , Rojas-Beltran et al., 1992 , Rissanen, 1995 . In those cases, the observed differences in performance of whitefish larvae might be of little surprise, however, our results provide evidence that one dedicated cold-water microdiet ("AgloNorse® Extra") does not provide advantages compared to the regular product ("AgloNorse®") of the same manufacturer. In that respect, whitefish larvae seem to react differently to the two feed variants compared to cod (pers. C communication).
Comparison of Strains
For the time period before disease outbreak we observed considerable differences between strains with regard to growth and survival. These differences most probably have their common source in the differences regarding feed acceptance which was clearly delayed in strain 2 compared to strain 1 (similarly in both feed types, Figure  4 ). The feed acceptance in strain 1 increased quickly for both feed types which lead to increasing weights right from the start of the experiment and to low mortalities. For strain 2 the feed acceptance rates remained low for the first three weeks. Individuals which did not feed and lost weight outbalanced those feeding and gaining weight and therefore, average weights remained almost constant. Individuals refusing to accept the dry feed could probably live on their yolk reserves until day 25 after which survival started to drop in strain 2. Concurrently the rate of feed acceptance apparently rose as "refusers" were dying off. Similarly the average weight started to increase and average growth rates attained the levels of strain 1. This process was nearly finished around day 40 when survival remained constant and feed acceptance rates as well as growth rates had reached the levels of strain 1. The following week strain 1 was partly influenced by the disease and strain 2 was partly influenced one week later making further comparisons difficult. However, when only unaffected tanks are taken into consideration, we did not find noticeable differences among strains. Strain 1 was hit harder and earlier by the disease compared to strain 2 resulting in lower survival and partly losing its initial growth advantage to end up in similar final weights, at least in the "AgloNorse®" group.
Differences in strains also found in previous studies (Rösch & Dabrowski, 1986; Rösch, 1988 Rösch, , 1992 . Similarly much of the differences were found to originate from differential feed acceptance. It remains unclear why such differences exist and if domestication might increase feed acceptance in a certain strain. Our results indicate that this might be the case because strain 1 is regarded more domesticated, i.e. adapted to hatchery conditions, compared to strain 2.
Agglomerated Microdiets Compared to Previous Ones
It seems that agglomerated microdiets can reach at least similar performance as previously used ones (Lucynski et al., 1986; Rösch & Dabrowski, 1986 ) even under cold-water conditions. Survival of around 50% has been reported (Lucynski et al., 1986; Rösch & Dabrowski, 1986) in studies using "old generation" microdiets, however, they were performed under more favorable, higher water temperatures (> 8 °C). As we know from previous studies, food particle must be in an adequate physical structure so that they are readily digestible for whitefish larvae and nutritious enough to provide sufficient energy for growth (Holt et al., 2011; Langdon & Barrow, 2011) . Food acceptance is strongly influenced by the aroma of the food (Appelbaum, 1980; Dabrowski et al., 1984) and therefore "AgloNorse®" as well as "AgloNorse® Extra" are suspected to allow the larvae to smell the food particles and to identify them as a tempting meal (Kolkovski et al., 1997; Yúfera et al., 2002) . Because the exact composition of the tested feed is a company secret, no detailed information can be given due to the missing data.
Water Conditions
Cold-water conditions (< 8 °C) seem to be sufficient for the very early period of larval development (2-3 weeks) of whitefish but appear to exert negative influences during later development. If disease outbreak after six, respectively seven weeks was facilitated by cold-water conditions remains unclear, as disease outbreaks have been reported under higher temperatures as well (Dabrowski et al., 1984; Lucynski et al., 1986; Dabrowski & Poczyczynski, 1988) . But it is noticeable that disease outbreak was recognized in those studies exclusively at higher water temperatures (> 8 °C). A shift of optimal temperatures during larval/juvenile development is known for many temperate species, e.g. nose carp (Keckeis et al., 1999) and is probably highly pronounced in whitefish.
Anyhow, a test of agglomerated microdiets developed for marine fish larvae under higher water temperature regimes would be the next logical step to be performed using whitefish.
